Previous studies have shown that sympathetic stimulation can cause a redistribution of intestinal capillary blood flow. Our computer model of the intestinal circulation predicted that the diffusion parameters (e.g., capillary surface area and mean capillaryto-cell diffusion distance) altered by precapillary sphincter closure would be sufficient to affect intestinal oxygen extraction. To test this prediction in an animal model, we made continuous measurements of arteriovenous oxygen difference (AO 2 ) and perfusion pressure during constant-flow perfusion of isolated loops of canine small bowel. Intraarterial infusion of norepinephrine or stimulation of sympathetic nerves for 7 minutes produced sustained increases in vascular resistance and sustained reductions in arteriovenous AO2. Maximal changes in resistance and arteriovenous AO 2 occurred by the second minute of norepinephrine or sympathetic nerve stimulation, and subsequently both parameters escaped somewhat. The maximal and steady-state values of these parameters were dose-dependent or frequency-dependent. In other experiments, sympathetic nerve stimulation caused synchronous decreases in arteriovenous AO 2 and 8s Rb extraction. These results support the hypothesis that the infusion of norepinephrine and the stimulation of sympathetic nerves cause sustained reductions in the density of the perfused capillary bed which are sufficient to reduce intestinal extraction of Rb and oxygen despite constant-flow perfusion.
number of open perfused capillaries is reduced (2) (3) (4) . This change probably results from the closure of precapillary sphincters, and it may be assessed using the capillary filtration coefficient (5) or the product of permeability and surface area (6) . Finally, sympathetic stimulation also constricts the capacitance vessels, thereby producing a sustained decrease in mesenteric blood volume (1, 3) . Thus, sympathetic stimulation seems to act on three of the functionally defined series-coupled elements (7) within the intestinal microcirculation: the resistance vessels, the precapillary sphincters which regulate the exchange vessels, and the capacitance vessels.
Our computer model of the intestinal circulation has predicted that the diffusion parameters altered by precapillary sphincter closure, e.g., capillary surface area and mean diffusion distance, are sufficient to affect the extraction of oxygen by the intestinal tissues (8) . Our calculations have indicated that the changes in the density of the perfused capillary bed are more important to oxygen delivery than are the changes in blood flow that normally occur (9) . Therefore, the purpose of this study was to determine whether sympathetic stimulation INTESTINAL OXYGEN EXTRACTION could depress intestinal oxygen extraction under conditions of constant blood flow.
Methods

SURGICAL PREPARATION
After fasting, 15 mongrel dogs of both sexes (15-20 kg) were anesthetized with sodium pentobarbital (30 m g/kgj > v )-Both femoral arteries were cannulated with large-bore catheters to obtain arterial blood for perfusion of the isolated intestinal loop, and a femoral vein was cannulated for administrating supplemental anesthetic and for returning the blood from the perfused loop to the dog.
A midline laparotomy was performed, and a segment of the small bowel that was supplied by a vascular arcade arising from a single mesenteric artery and vein was selected. This segment was exteriorized and placed on saline-soaked gauze on the abdomen. Short segments (2 cm) of the mesenteric artery and vein were dissected free of the mesentery; then the perivascular nerves were dissected free and cut proximally. In one series of experiments, the distal ends of the nerves were placed on hook-shaped electrodes connected to a stimulator. After hemeostask occurred, heparin was administered (10 mg/kg, iv). The mesenteric vein was then cannulated with polyethylene tubing (PE190). When the venous drainage was established the artery was cannulated (PE160). The ends of the intestinal loop were ligated tightly with umbilical tape, and vascular perfusion of the isolated loop was begun. The isolated loop was covered with saline-soaked gauze and plastic wrap, and the temperature was maintained at 37°C with infrared lamps.
PERFUSION APPARATUS
Perfusion of the gut loop was accomplished with the apparatus shown in Figure 1 . Arterial blood was drawn from a femoral arterial catheter or from the arterial reservoir by a peristaltic pump (Cole-Parmer, model 7545). The output of the pump was unaffected by the changes in the opposing pressure head which were Perfusion apparatus. The arterial reservoir was only used jot the experiments with 86 Rb. The venous effluent was returned to the dog manually only after each experiment to avoid recirculation problems.
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167 observed in these experiments. From the pump, the arterial blood passed through a heater (37.5°C) and the arterial cuvette of a photometric arteriovenous oxygen difference analyzer (Oxford Instrument Company) before entering the gut loop. On leaving the gut loop, the blood passed through the venous cuvette and into a graduated cylinder for timing and flow determinations or into counting tubes for isotope determinations. The orifice of the venous outflow was set at the appropriate hydrostatic level to produce zero pressure at the mesenteric vein. On the arterial side, drugs were infused with a syringe driver (Harvard Apparatus, model 2001). Perfusion pressure was monitored with a pressure transducer (Hewlett-Packard 12SOC) connected as close as possible to the arterial catheter. At the beginning of each experiment, arterial blood was passed through both the arterial and the venous cuvettes by shunts not shown in Figure 1 to zero the arteriovenous oxygen difference analyzer. This instrument provided a continuous, direct record of the arteriovenous oxygen difference (AO 2 ) (10). Perfusion pressure and arteriovenous AO 2 were monitored on a direct-writing recorder (Hewlett-Packard 7754A).
EXPERIMENTAL DESIGN
After the surgical preparation of the isolated loop and the calibration of the instruments were completed, constant-flow perfusion of the isolated loop was begun. The pumping rate was adjusted to produce an initial perfusion pressure of 50-120 mm Hg. Then venous blood flow was collected in the graduated cylinder and the flow rate was determined. Since some cooling of the loop occurred during the surgical procedure, time was allowed for stabilization and rewarming. When both the perfusion pressure and the arteriovenous AO 2 had been stable for 10-15 minutes, intra-arterial infusion of norepinephrine or stimulation of the perivascular nerves was begun.
In the first series of experiments the effects of norepinephrine infusion were studied. The norepinephrine was diluted in physiological saline. The volume of the drug infusion was a negligible fraction of the blood flow. Doses were calculated as fig norepinephrine base/ml blood. The infusions of norepinephrine were carried out for 7 minutes and 10-15 minutes were allowed between infusions. The doses were administered randomly; the three doses generally used were 0.30, 0.65, and 1.54 jug/ml. The problem of recirculation was avoided by collecting the venous effluent in a reservoir. After resrjonses to these three doses were obtained, the collected venous blood (200-250 ml) was returned to the dog manually with a 50-ml syringe via the femoral venous cannula.
In the second series of experiments, the effects of sympathetic nerve stimulation were studied. The perivascular sympathetic nerves were stimulated for 7 minutes with square-wave pulses (Grass Instrument Company, model SD5). The stimulation parameters were: frequency 5-15 Hz, duration of pulse 5-10 msec, voltage 5-20 v. The frequency was varied randomly and 10-15 minutes was allowed between the 7-minute stimulation periods. Except for the length of the stimulation period, this technique was essentially the same as that described previously for an isolated, perfused mesenteric artery preparation, and it has been shown to stimulate postganglionic sympathetic fibers (11) (12) (13) (14) .
In a third series of experiments blood-to-tissue extraction of Sfi Rb, perfusion pressure, and arteriovenous AO 2 during sympathetic stimulation were measured. The theoretical basis of the 80 Rb extraction technique has been developed by Renkin (6) , and experimental work (4, 15, 16) has established Rb extraction as a useful index of the capillary surface area exposed to flowing blood.
In our experiments, 200-300 ml of blood was obtained as rapidly as possible from the femoral arterial catheters. The dog was then given an equivalent volume of 6% Dextran 70 in normal saline. The blood was placed in the arterial reservoir ( Fig. 1 ) and stirred gently. Radioactive 88 RbCl (Amersham Searle) was diluted with 0.9% saline and added to the reservoir to produce an activity of 5,000 counts/min g" 1 blood. After thorough mixing, a sample of whole blood and a sample of plasma were obtained for counting. The isolated gut loop was subsequently perfused with the radioactive blood by switching the pump input from the femoral catheter to the reservoir. Sampling of venous blood was begun when the loop had been perfused long enough to wash out the nonradioactive blood and when the perfusion pressure and the arteriovenous AO 2 had been stable for 10-15 minutes. During 30 seconds of each minute venous blood was collected in preweighed counting tubes. This sampling was continued for 3 minutes prior to nerve stimulation, during the 7-minute stimulation period, and for 3 minutes after stimulation. Nerve stimulation was conducted as previously described.
At the end of the experiment, each collection tube was reweighed and counted to at least 10,000 counts (Nuclear Chicago Autogamma Counter). The radioactivity of each tube was expressed in counts/min g-1 blood. At the end of each exoeriment, whole blood and plasma from the reservoir blood were sampled again. No significant change in the whole blood radioactivity was observed. To quantify the back-diffusion of 86 Rb from the intestinal tissues, the loop was perfused with nonradioactive blood from the dog and more venous samples were collected for counting.
The capillary transport coefficient (PS = permeabilitv X surface area) (6, 15) was calculated as PS = -Q I n ( l -E ) , where Q is blood flow (ml/min 100 g-1 ) and E is the arteriovenous extraction ratio for 88 Rb. In experiments where significant amounts of Rb accumulated in red blood cells or in the intestinal tissues, appropriate corrections were applied to the 8<i Rb extraction data (15) . It should be emphasized that these small corrections do not qualitatively affect the results to be presented, nor do they affect the statistical analyses performed. They only serve to improve the quantitative correlation of PS from one experiment to another. The present technique is essentially that of Renkin and Rosell (15) ; it has been modified for discontinuous sampling to allow the use of smaller amounts of radioactive label.
In all three experiments, the gut loop was excised and weighed after each experiment. The gut segments in these experiments weighed 10-30 g. Blood flow was expressed in ml/min 100 g" 1 tissue. Resistance was calculated by dividing perfusion pressure (mm Hg) by blood flow (ml/min 100 g" 1 ). In a small number of experiments, atropine sulfate (20-40 fig, ia) or phentolamine hydrochloride (100-400 yxg, ia) was administered as a 1-2-minute infusion prior to norepinephrine infusion or sympathetic nerve stimulation.
Results
In the first series of experiments, the effects of close intra-arterial infusions of norepinephrine on intestinal vascular resistance and oxygen extraction were studied ( Fig. 2 ). When the norepinephrine infusion (0.65 /i-g/ml) was begun, the perfusion pressure rose rapidly from control (140 mm Hg), and after 4 minutes of infusion it reached a peak of 255 mm Hg; it then declined and reached a new steady-state level of 235 mm Hg. When the norepinephrine infusion was stopped, the perfusion pressure promptly returned to the control level. This reponse pattern in the perfusion pressure was consistently recorded in all of the norepinephrine experiments; however, considerable variability was noted. First, the time required to reach the peak pressure varied from 1 to 4 minutes. Second, the degree to which escape occurred was variable, i.e., after the perfusion pressure reached its peak, it declined to a new but variable steady-state level, generally 10-15 mm Hg below the maximum. Third, most preparations responded to the cessation of infusion as shown in Figure 2 ; however, in some cases, moderate postinfusion "hyperemia" occurred, i.e., the pressure record showed a 10-15-mm Hg undershoot before returning to the control level at the end of norepinephrine infusion. Record of a norepinephrine (NE) infusion experiment. Norepinephrine infusion (0.G5 pg/ml) caused perfusion pressure to increase to a maximum at 4 minutes of infusion after which pressure escaped to a new steady state 20 mm Hg lower than maximum but 68% above control. Arteriovenous &O B fell to a minimal value at 80 seconds and escaped slightly to a steady-state value of 62% of control When the infusion was stopped after 7 minutes, both parameters returned to normal. Figure 2 also shows the effect of the norepinephrine infusion on intestinal oxygen extraction. The arteriovenous AO 2 scale on the left was multiplied by the constant blood flow rate (36 ml/min 100 g" 1 ) to derive the oxygen consumption scale on the right. Norepinephrine infusion caused a rapid decline in the arteriovenous AO 2 from 4.0 ml/100 ml blood to 1.9 ml/100 ml. This minimal arteriovenous AO 2 value was reached at 80 seconds of infusion after which the arteriovenous AO2 escaped to a steady-state value of 2.5 ml/100 ml. When the norepinephrine infusion was stopped, oxygen extraction promptly returned to the control level and oscillated above and below that value. The arteriovenous AO 2 response pattern shown in Figure  2 was consistently recorded in the norepinephrine experiments. Again, some variability was noted but not as much as was seen in the pressure responses. First, the time from the start of norepinephrine infusion to the minimal arteriovenous AOo varied, but generally it was 1-2 minutes. Thus, norepinephrine rapidly reduced intestinal oxygen extraction, since the response time included the transit time from the mesenteric vein to the venous cuvette and the instrument response time. Second, although the arteriovenous ACL always escaped from the minimal level, the degree of escape varied. Third, in most cases arteriovenous AO2 simply returned to control at the cessation of infusion, but occasionally some overshoot (0.5-1.0 ml/100 ml) was recorded. Figure 3 shows the mean of five norepinephrine experiments with gut loops from five different dogs. Vascular resistance calculated as previously described was used instead of perfusion pressure. Control data (means ±SE) for these experiments were perfusion pressure 96.0 ± 6.9 mm Hg, blood flow 37.3 ±5.1 ml/min 100 g-1 , arteriovenous AO 2 4.10 ±0.48 ml/100 ml, and oxygen consumption 1.47 ±0.21 ml/min 100 g-1 . The infusion of norepinephrine (0.65 /ng/ml) caused marked increases in the calculated intestinal vascular resistance. These increases in resistance became statistically significant by the first minute of infusion and ceased to be significant 1 minute after the infusion was stopped. Similarly, arteriovenous AO 2 was significantly less than control throughout the infusion period. The tendency of arteriovenous AO 2 to fall to a minimum level by the second minute of infusion and to escape thereafter was seen; however, the variability of the time course of the resistance responses obscured the escape phenomenon in the pooled resistance data. Vascular resistance became significantly greater than control by the first minute of infusion and ceased to be significantly different from control 1 minute after the infusion was stowed. Arteriovenous AO 2 was significantly less than control throughout the infusion period. Asterisks indicate P < 0.05 by Students t-test for paired values.
In Figure 4 , the effects of norepinephrine on intestinal vascular resistance and oxygen extraction are plotted against the dose of norepinephrine. The effects of norepinephrine on both vascular resistance and oxygen extraction were dose dependent. Both the maximal (or minimal) and the steadystate values of these two parameters were plotted; however, no systematic effect of norepinephrine on the differences between maximal and steady-state responses was noted.
In the second series of experiments, the effects of sympathetic nerve stimulation on intestinal vascular resistance and oxygen extraction were studied. Figure 5 shows that sympathetic stimulation (10 Hz) promptly caused a large increase in perfusion pressure which was followed by a significant degree of escape. Nevertheless, the steady-state pressure during stimulation was well above the control level. Arteriovenous AOa fell with the onset of stimulation and also escaped but remained below control level during the plateau phase of the stimulation period. Both parameters returned to control when the stimulation was ended after 7 minutes. Figure 6 shows the mean of five sympathetic nerve stimulation experiments with gut loops from five different dogs. The stimulation of the perivascular nerves (10 Hz) caused marked increases in the intestinal vascular resistance. These increases in resistance became statistically significant by the first minute of stimulation and ceased to be significantly different from control when the stimulation was stopped. The maximal resistance was consistently reached by the end of the first or second minute of Record of a sympathetic nerve stimulation experiment. Stimulation of the perivascular nerves (10 Hz) increased perfusion pressure from control, 55 mm Hg, to a peak of 240 mm Hg at 80 seconds of stimulation. Subsequently, pressure escaped to a steady-state value of 110 mm Hg. Arteriovenous AO 2 fell from control (7.0 ml/100 ml) to a minimal value at 2 minutes but escaped to approximately 5.5 ml/100 ml. PS, as determined by sc flfo extraction, changed concomitantly with oxygen extraction. The PS record has been shifted to correct for the transit time between the venous oxygen cuvette and the venous collection tube. All three parameters returned to the control level when the stimulation was stopped after 7 minutes. stimulation, and the resistance vessels escaped considerably the initial vasoconstrictor effect of the 300 RESSTANCE (% CONTROL)
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FIGURE 6
Effect of perivascular nerve stimulation ( stimulation. The arteriovenous AO 2 fell rapidly with the onset of stimulation and the minimal arteriovenous AO-. was consistently reached by the end of the first or second minute of stimulation. The arteriovenous AOj underwent considerable escape from the initial effect of the nerve stimulation. Nevertheless, arteriovenous AO 2 was significantly less than control throughout stimulation. Both parameters returned to the control level when the stimulation ceased. Comparison of Figure 4 with Figure 6 indicates that the tendency of both parameters to escape in the nerve stimulation experiments was somewhat more distinct than it was in the experiments with norepinephrine infusions. In Figure 7 the effects of sympathetic stimulation on intestinal vascular resistance and on oxygen extraction are plotted against the frequency of nerve stimulation. The effects of sympathetic stimulation on both resistance and oxygen extraction were frequency dependent. Figure 7 also indicates that the apparent degree of escape, i.e., the difference between the maximal and the steadystate values, seemed to increase as the stimulation frequency was increased. Folkow et al. (1) have reported that high stimulation frequencies produce greater escape.
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In a third series of experiments, the effects of sympathetic nerve stimulation on the blood-totissue extraction of S8 Rb were measured along with resistance and oxygen extraction. Figure 5 shows that the extraction of 86 Rb fell concomitantly with oxygen extraction when the sympathetic nerve stimulation was begun. PS also escaped the initial effect of the stimulation as did the arteriovenous AO 2 . Both parameters returned to control when the stimulation ceased. In all of the experiments in which PS was measured, the changes in PS and in arteriovenous AO 2 were in the same direction and followed, so far as our discontinuous 86 Rb measurements were able to detect, the same time course. In no instance did the sympathetic nerve stimulation affect either of these two parameters without affecting the other. The relationship between PS and arteriovenous AO 2 was analyzed statistically and is illustrated in Figure 8 . The correlation between these two parameters was highly significant. A similar relationship between capillary filtration coefficients and arteriovenous AO 2 in skeletal muscle has been reported (17) .
The effects of atropine or phentolamine on the resistance and the oxygen extraction response to norepinephrine infusion or sympathetic nerve stimulation were studied in several experiments. Atro- Relationship between «"Rh extraction and oxygen extraction by perfused gut loops. The data point? represent ten simultaneous measurements of se Rb and oxygen extraction from three different experiments (see Methods). The symbols indicate the different experiments. Analysis by correlation coefficient showed that the relationship between the capillary transport coefficient (PS) and the arteriovenous AO S was highly significant (r = 0.79, P < 0.001).
pine (20 /xg, ia) blocked effects of acetylcholine (1-fLg bolus) on visible motility but did not alter the response of either parameter to norepinephrine or sympathetic nerve stimulation; however, phentolamine (400 /u,g, ia) reduced or abolished the effect of norepinephrine or sympathetic nerve stimulation on both resistance and oxygen extraction. The effects of the drugs on the resistance changes are thus consistent with previous findings in isolated perfused gut loops (14) .
Discussion
Because earlier studies indicated that sympathetic nerve stimulation can decrease the density of the perfused intestinal capillary bed (2-A) , the main purpose of this study was to determine whether such changes in the intestinal microvascular dynamics were sufficient to reduce capillary-to-tissue oxygen flux, as previous calculations have indicated (8, 9) . The present finding that norepinephrine and sympathetic nerve stimulation do reduce intestinal oxygen uptake despite constant-flow perfusion has not previously been reported. For that reason and because the resistance changes have been reported by a number of investigators, we will discuss the present resistance data only briefly and will consider in greater detail the oxygen and 86 Rb extraction findings.
RESISTANCE
When Folkow and his colleagues (1-3) stimulated
the sympathetic nerves to the intestine under constant-pressure perfusion, blood flow was decreased initially but then recovered to the control value within several minutes despite continued sympathetic stimulation. This characteristic response of the intestinal resistance vessels to norepinephrine and sympathetic nerve stimulation has been recorded under both constant-pressure (1-3) and constant-flow conditions (4, 18) . In addition, the escape phenomenon has been observed with nonadrenergic vasoconstrictors (19, 20) . Numerous hypotheses have attempted to explain the mechanism of resistance escape within the intestinal circulation (8, 21) ; however, none has withstood careful investigation. The resistance findings in the present study are roughly comparable to those previously reported for cat (4, 18) and rat (20) intestine perfused at constant flow. The previous investigations and this present study found that resistance escape is much less evident under constant-flow conditions than it is under constant-pressure perfusion (4, 18) .
The resistance response to norepinephrine shown in Figures 2 and 3 was the predominant pattern; however, responses like those shown in Figures 4 and 5 for sympathetic nerve stimulation were also recorded with norepinephrine. The apparent degree to which pressure escape occurs depends to some extent on the presence of an initial peak which is followed by a gradual decline to a plateau phase. Henrich and Lutz (20) perfused rat intestine at constant-flow and found that resistance could be made to increase gradually to a steady-state level above control with very little apparent escape if the norepinephrine infusion was begun slowly and increased gradually; however, the sudden (squarewave) infusion of norepinephrine at the same rate produced a peak response followed by considerable apparent escape to approximately the same steadystate value that was reached in the first instance. Because some mechanical slack existed in our infusion apparatus and because provision was made for thorough mixing of the norepinephrine with blood ( Fig. 1) , the plateau type of response pattern without a large initial peak probably predominated since the onset of norepinephrine infusion was somewhat gradual. This view agrees with the present findings for sympathetic nerve stimulation; the resistance response pattern characterized by an initial peak and subsequent escape (Figs. 5 and 6) was consistently recorded during sympathetic nerve stimulation. The possibility that some of the resistance escape during sympathetic nerve stimulation was due to nerve fatigue cannot be ruled out by our findings alone. However, that possibility is unlikely because escape occurs during sympathetic nerve stimulation at lower frequencies than those used in the present study (1) and because similar resistance response patterns occur during constantrate infusions of norepinephrine and nonadrenergic vasoconstrictors.
OXYGEN EXTRACTION
The present finding that norepinephrine and sympathetic nerve stimulation cause dose-or frequency-dependent reductions in intestinal oxygen extraction despite constant-flow perfusion may be explained by at least three mechanisms: diminished tissue demand for oxygen, anatomical shunting, and physiological shunting. demand by relaxing visceral smooth muscle (22) . This explanation seems unlikely for a number of reasons. First, the oxygen extraction changes occurred even when the gut loop displayed no apparent motility initially; conversely, when visible motility persisted despite the norepinephrine infusion, oxygen extraction still fell. Second, the rapid time course of the arteriovenous AO2 response rules against this mechanism; when oxygen consumption is increased by placing glucose or dinitrophenol in the lumen, the increase in oxygen extraction is much slower (unpublished observations from our laboratory). Third, since the visceral smooth muscle accounts for only 20-25% of the total intestinal oxygen consumption (Dr. Stanley G. Schultz, personal communication), the large decreases in oxygen extraction are quantitatively inconsistent with this explanation. Finally, the finding in this study and others (4) that norepinephrine and sympathetic nerve stimulation reduce intestinal extraction of the nonmetabolizable indicator, 83 Rb, makes this explanation extremely unlikely.
Anatomical Shunting.-Although the opening of large-bore, impermeable arteriovenous channels might be inconsistent with the large increases in vascular resistance observed, it is possible that the depressed extractions of both oxygen and Rb could be caused by an anatomical shunting mechanism. However, there is little evidence for anatomical shunts in the gut. The early report by Spanner (23) of large submucosal arteriovenous connections has been discredited, and, at present, it is accepted that no more than 3% of the total intestinal blood flow passes through channels larger than 20/A in diameter (24) . Also, the finding that intestinal capillary filtration coefficients are depressed by norepinephrine and sympathetic nerve stimulation (2, 3) could not be explained by the opening of shunts alone; the capillary surface area must decrease before capillary filtration coefficients are reduced.
Physiological Shunting.-The simplest explanation consistent with the increased vascular resistance, the decreased oxygen extraction, the decreased Rb extraction, and the reduced capillary filtration coefficients is that norepinephrine and sympathetic nerve stimulation close previously open precapillary sphincters and thus reduce the density of the perfused intestinal capillary bed. This explanation is also consistent with direct measurements of flow velocity in individual mesenteric capillaries. Richardson and Johnson (25) perfused loops of cat intestine at constant total blood flow and found that during norepinephrine infusion, red Circulation Research, Vol. XXX1H. August 1973 cell velocity in 88% of the individual capillaries rose or fell outside the limits of control variation, Thus, since the opening or closing of precapillary sphincters is probably a relative, time-dependent phenomenon, flow velocity in the capillaries which become "more closed" falls and flow velocity in those capillaries which remain open increases as blood flow is received from the closing capillaries.
Finally, sympathetic nerve stimulation can decrease oxygen extraction in skeletal muscle (26) (27) (28) (29) . Since arteriovenous anastomoses have not been demonstrated in skeletal muscle by microspheres (30) or by anatomical means (31) , it was thought that sympathetic nerve stimulation reduced the oxygen demand of skeletal muscle. However, Renkin and Rosell (15) have shown that the extractions of oxygen and Rb are both depressed by sympathetic nerve stimulation. These authors attribute their findings in skeletal muscle to physiological shunting.
Therefore, the present results support the view that norepinephrine and sympathetic nerve stimulation cause sustained reductions in the density of the perfused intestinal capillary bed and that the diffusion parameters thereby altered are sufficient to depress intestinal extraction of Rb and oxygen despite constant-flow perfusion.
